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(54) MACHINE PARTS MADE OF HIGH TOUGHNESS CASE HARDENING STEEL AND THEIR 
PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide machine parts made of high toughness case hardening 
steel, excellent in wear resistance, fatigue characteristic, and impact resistance, at a low cost 
by applying carburizing and quenching to steel parts containing specific amounts of C, Si, Mn, P. 
S, Cr, Al, and N. 

SOLUTION: Steel parts, prepared by using a steel stock which has a composition consisting of, 
by mass, 0.1-0.25% C, <0.15% Si, >1. 20-2.0% Mn, <0.02% P, <0.02% S, >O.70-1.50% Cr, 0.015- 
0.060% Al, 0.005-0.030% N, and the balance Fe with inevitable impurities and containing, if 
necessary, prescribed amounts of Mo, Ni, Cu, V, Ti, Nb, and Ca, is subjected to carburizing and 
quenching or to carbonitriding and quenching. By this procedure, the total area ratio of 
martensite and bainite in the core part, the area ratio of martensite, and pro-eutectoid ferrite 
are regulated to >95%, <90%, and <5%, respectively. Further, the grain size number of of 
austenitic crystal grains in the carburized layer or carbonitrided layer is regulated to No. 8 or 
above, and also the amount of retained austenite in the part between the surface and a position 
at a depth of 0.05mm from the surface is regulated to 10-50%. 
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{iri^-gfb) mktimzmtm, zmmicm 

OON/mm' W±OEE«aaSlS* (X«B«fKJ:9» 

IfrfgtfO. 0 4-1 mmt'IOHRC 4 5W± 
©SHfWSfffcffiffl U 60m/s tt±^^WJiST 1 

[0 0 4 4] ^**{ci/3'y Ma©«S*<HRC4 5* 
H» tSflWO. 0 4mm*»&«W4ftStjIfitf6 0 

->3 -y htto««^ai*ji«o±Htti$K:ifi3t«n4^ 

t>\ f|ffltt*l»t£i*n6©#£U\hlS«HRC 
6 5SfifeJ:tf 1 5 Om/sfglgT'&So S fcSMS 

HBtfT?T<*©?, u©«4HM*£i;*ci:4<5' 
a 7 h e-iyy»JR*J: *) ®mic%W 5 

->a7hiOS^0. 3-1. OmmggtCt 
SQtf £<r\ i/a 7 h ^--y^ifflli 1 @ 

j&BfCfcoTW: 2 SfcLhSfrT C t fctottnTIH?* 

So 

[0 0 4 5] $fe*awe8ffl«n5SK (SfcttSK 

•aft) ffifctt-«»!W* t 4<, 8e**»6»i6nft«* 

[00 4 6] 

[0 0 4 7] ^fiSfiaj 

ft 1 , 2 1~37 <Dfb^»lS*Wt«««* 1 5 
Ok g<DM£®Mfi i T'®mL®mLrc&mm OmmtC 

ffin»it, swbffla ( 1 2 5 o°cx i i^mi-»a?$) 

fcefcamt 46 LfflS (8 5 0°Cx l B#^-»^^) *ff 

4 o i^ti3 K/T^-r * t /i/ 1:- «* 

HKM-*f¥Sl/, $fc« Si, 2(Cfclt^No. 4, 

6, io, 29, 3 eico^TimiciEtm&izix 
m, mmuxic* o xm 4 »«»f«»ia(Wr 

*f^Hb/-co ^■C^OHKK-fco^T, S3, 4fe 
J:a'0 5 K*1"*ftTilKjftAft6ff 4oft», 1ST- 



(8) 
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14 



[0 0 4 8] MIES (1) , (2) iC£K>mtt<Df£ftM*\0 



gam, mm<mm-7.Ti-4 saras, « 
w$tt*S3. 4£, g; ?> jg umaif»»»mi 

ll%06fC7jVfo 
[00 4 9] 

[Si] 







C 


S i 


Mn 


P 


s 


A 1 


N 


Cr 


Mo 


N i 


Cu 


V 


T i 


Nb 






i 


0.14 


0.12 


1.79 


0.007 


0.015 


0.028 


0.010 


1.04 




















2 


0.16 


0.10 


1.80 


0.008 


0.020 


0.028 


0.010 


1.10 




















3 


0.18 


0.08 


1.72 


0.002 


0.012 


0.022 


0.011 


1.05 




















4 


0. 17 


0,06 


1.36 


0.010 


0.015 


0.030 


0. 012 


1.35 




















5 


0.13 


0.05 


1.85 


0.008 


0.019 


0.028 


0.01O 


1.22 




















6 


0.13 


0.08 


1.21 


0.012 


0.011 


0.027 


0.011 


0.99 


0.16 


















7 


0.10 


0.07 


1.25 


0.010 


0.012 


0. 030 


0.011 


1.05 


0.42 


















8 


0.13 


0.13 


1.21 


0.018 


0.018 


0.032 


0.013 


1.45 


0.20 


0.45 
















9 


0.18 


0.09 


1.42 


0.015 


0. 012 


0.024 


0.008 


1.05 




0.30 


0.35 














10 


0.15 


0.11 


1.22 


0.009 


0.012 


0.022 


0.011 


0.71 


0.59 


0.34 
















U 


0.17 


0.12 


1.25 


0.010 


0.012 


0. 031 


0.012 


0.80 










0.012 










12 


0.18 


0.02 


1.55 


0.017 


0.012 


0. 029 


0.015 


0.72 


0.24 






0.22 












13 


0.12 


0.06 


1.55 


O.015 


0.011 


0.018 


0.011 


0.77 




2.18 




0.34 












14 


0.12 


0.05 


1.46 


0.007 


0.013 


0.032 


0.018 


0.87 


0.55 






0.12 


0. 015 










15 


0.15 


0.10 


1.52 


0.006 


0.018 


0.018 


0.012 


0.75 


0.42 


0.62 


0.32 


0.33 




0 


011 






16 


0.15 


0.11 


1.22 


0.009 


0.01 1 


0.022 


0.011 


1.18 


0.22 






0. 18 


0.008 


0 


010 






17 


0.10 


0.08 


1.32 


0.011 


0.013 


0.035 


0.018 


1.05 


0.58 


0.29 




0. 15 


0.035 










IS 


0.15 


0.09 


1.35 


0.005 


0.010 


0.046 


0.015 


0.87 


0.49 


0.76 


0.35 


0.03 


0.013 


0 


015 






19 


0.21 


0.06 


1.8S 


0.O13 


0.021 


0.031 


0.011 


0.82 
















Ca:0. 002 




20 


0.18 


0.10 


1.93 


0.010 


0.018 


0.029 


0.018 


1.46 
















Zr:0. 018 




21 


0.12 


0.08 


1.69 


0.013 


0.008 


0.018 


0.012 


0.91 


0.48 














&:0. 003 




22 


0.20 


0.06 


1.22 


0.011 


0.020 * 


0.030 


0.008 


1.02 




0.69 




0. 12 


0.008 






2r:0.016 




23 


0.20 


0.06 


1.59 


0.012 


0.016 


0.033 


0.012 


0.75 




0.55 








0 


038 






24 


0.12 


0.06 


1.78 


0.010 


0.008 


0.020 


0.015 


0.75 


0.59 


0.70 


0.50 




0.011 






Ca:0.001 




25 


0. 20 


0.15 


1.35 


0.011 


0.012 


0.038 


0.011 


0.78 




0.46 




0.06 


0.010 


0 


010 


Zr:0.0l8 



(mass?6) 



[0 0 50] 







C 


S i 


Mn 


P 


S 


A 1 


N 


Cr 


Mo 


N i 


Cu 


V 


T i 


Nb 






26 


0.11 


0.08 


1.24 


0.007 


0.011 


0.030 


0.011 


0.72 


















27 


0.10 


0.09 


1.30 


0.010 


0.012 


0.030 


0.010 


0.85 


















28 


0.25 


0.06 


1.80 


0.009 


0.008 


0.028 


0.009 


1.10 


















29 


0.20 


0.04 


1.81 


0.020 


0.022 


0.030 


0.011 


0.99 


0.25 
















30 


0.10 


0.07 


1.88 


0.026 


0.020 


0.032 


0.009 


1.02 


0.5O 














turn 


31 


0.11 


0.08 


1.99 


0.025 


0.008 


0.030 


0.010 


0.78 


0.59 
















32 


0.02 


0.03 


1.21 


0.020 


0.018 


0.028 


0.010 


0.79 


















33 


0.15 


0.08 


0.20 


0.008 


0.012 


0.032 


0.011 


0.75 


















34 


0.23 


0.02 


1.89 


0.010 


0.018 


0.032 


0.010 


0.77 


















35 


0.24 


0.10 


1.76 


0.002 


0.012 


0.026 


O.010 


0.81 


















36 


0.20 


0.02 


1.76 


0.025 


0.010 


0.002 


0.011 


0.75 


















37 


0.23 


0.O9 


1.80 


0.009 


0.015 


0.030 


0.004 


0.82 

















(raa s s 96) 



[00 5 1] 



C«3] 



(9) ^¥9-53148 
15 16 







V C 1 


V c J 




ZXlfM — AT 


>s fa rtr 


v> r IE. 






x iv / y / n 


ftr © fa 

91 V E 










(HV) 


(96) 


; OC) 


(96) 




{%) 


(%) 


(J/co a ) 




1 


14.3 


149.8 


389 


38 


900 


0.8 


8.9 


100 


10 


63 




2 


9.2 


105.6 


411 


35 


900 


0.8 


8.2 


100 


29 


68 




3 


8.1 


101.0 


416 


34 


900 


0.8 


8.5 


100 


35 


62 




4 


8.2 


101.9 


410 


41 


900 


0.8 


8.8 


100 


41 


60 




5 


12.0 


140.1 


404 


40 


900 


0.8 


8.9 


100 


14 


64 




6 


19.9 


195.1 


347 


39 


900 


0.8 


8.5 


100 


12 


68 




7 


14.4 


192JO 


358 


34 


SOO 


0.8 


8.6 


100 


86 


78 




8 


7.0 


80.7 


397 


45 


900 


0.8 


8.1 


100 


11 


70 




9 


8.5 


75. 1 


393 


36 


900 


0.8 


9.0 I 


100 


27 


69 




10 


5.3 


78.1 


378 


33 


900 


0.8 


8.9 


100 


48 


77 




a 


20.6 


158.2 


347 


38 


980 


0.8 


9.6 


100 


10 


55 




12 


7.1 


74.0 


394 


30 


980 


0.8 


9.3 


100 


87 


74 




13 


12.8 


46.6 


399 


45 


980 


0.8 


8.5 


100 


24 


78 




14 


7.9 


125.0 


385 


38 


980 


0. 8 


8. 8 


100 


49 


80 




15. 


5^9 


57! 4 


388 


49 


980 


o!s 


S. 9 


100 


20 


82 




16 


9.3 


124.1 


389 


25 


980 


0.8 


9.0 


100 


34 


74 




17 


7.6 


112.1 


380 


28 


980 


0.8 


8.5 


100 


38 


67 




18 


4.5 


56.6 


394 


22 


980 


0.8 


9.2 


100 


70 


68 




19 


5.4 


55.5 


444 


36 


900 


0.8 


8.3 


100 


78 


52 




20 


3.4 


53.0 


474 


30 


900 


0.8 


8.4 


100 


82 


51 




21 


5.8 


99.3 


401 


33 


900 


0.8 


8.2 


100 


65 


54 




22 


6.7 


56.9 


389 


25 


900 


0.8 


10.1 


100 


37 


75 




23 


7.3 


56.4 


391 


36 


900 


0.8 


11.2 


100 


28 


60 




24 


4.4 


55.6 


402 


25 


900 


0.8 


10.8 


100 


45 


67 




25 


9.4 


72.3 


376 


27 


900 


0.8 


12.0 


100 


25 


65 



) 0 5 2] 










*20* 


[in; 








Vc. 


Vc. 








CPfl 








» « <I 


















&m 
















(HV) 


{%) 


CO 


{%) 




{%) 


{%) 


<J/c«') 




26 


64.6 


438.0 


291 


24 


900 


0.8 


8.2 


0 


0 


142 




27 


57.7 


407.4 


316 


30 


900 


0.8 


8.3 


0 


0 


140 




28 


2.1 


30.1 


483 


26 


900 


0.8 


8.5 


100 


100 


29 




29 


2.5 


34.7 


441 


35 


900 


0.8 


8.1 


100 


100 


34 




30 


5.6 


76:1 


411 


53 


900 


1.1 


8.8 


10O 


51 


60 




31 


4.8 


55.3 


414 


54 


900 


1,1 


8.5 


100 


89 


53 


nam 


32 


236.3 


1101.0 


224 


38 


900 


0.8 


8.3 


0 


0 


136 




33 


68.6 


533.2 


244 


43 


900 


0.8 


8.4 


3 


0 


109 




34 


4.2 


46.4 


440 


36 


980 


0.8 


5.4 


100 


73 


38 




35 


4.1 


51.6 


442 


35 


980 


0.8 


4.2 


100 


88 


32 




36 


7.1 


56.7 


405 


34 


900 


0.8 


2.8 


100 


74 


13 




37 


4.3 


48.9 


438 


36 


900 


0.8 


2.5 


100 


90 


12 



[0 0 5 3] %lfr<bt>W l bfrT*&miC, mmi~ 

0, $m&t&xmvfttfim&v=4 4 a/so # 

c, CC/m W±T'fiO 9 0% v;l/r yV-f h«sSt 40 
Z&mtPM&Va CZ/m WTT'*5/ci6, 5 0 J 

/cm tt±.<Dm v mmtfmtiT^% a 

[0 0 5 4] Zftl,CtiL%.2<Dmii2 6, 2 7«, v;l/ 

h v 2 5 0 utt>$>% rcsb>r-z ^77 yy i 



3 1 (4, $S*-Xr?M httf3S£i»S;iT^ 
[0 0 5 5] JttSM3 2, 3 3(4, *<rCl, Mnl*< 

ISSi?*'H V 2 5 omTkBXMc&^ltib*-** 
H**WiTV5fcik WPWtttfttlr\, Jt«*3 6. 3 



(10) 
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17 



18 



[0 0 5 6] $fcH6fr5fe«!5!!M»fc*«fc, *BW 

<DMfem*£T®&tz>mm4, 6, io«, ^-rn 
t mm 29,36 1 jt^T«gtcffnfeat*iBitfa* 

fflaaosKsoisiieaE* whs < , 

[0 0 5 7] *t, JUNES 1 K*LftS/-t>Hf-«W 



10 



LT^*rci&, 50J/cm 2 W±0S^«WIjWS5> 

[00 5 8] 
[315] 







ft ¥ # (mass*) 


Vci 


Vet 


i6»«2 
(HV) 


(96) 




ffi * (a 

(J/cn 1 ) 


C 


S i 


Mn 


P 


s 


Al 


N 


Cr 




l 


0.14 


0.12 


1.79 


0.007 


0.01S 


0.O28 


0.010 


1.04 


14.3 


149.8 


392 


45 


8.4 


65 




2 


0.J6 


0. 10- 


1.80 


0. 008 


0.020 


0.028 


0.010 


1.10 


9.2 


105.6 


400 


42 


8.3 


60 


MM 


3 


0.13 


0.08 


1.72 


0.002 


0.012 


0.O22 


0.011 


10.6 


8.1 


101.0 


420 


41 


8.6 


67 




4 


o.n 


0.06 


1.36 


0.010 


0.015 


0.O30 


0.012 


1.35 


8.2 


101.9 


410 


49 


9.0 


65 




5 


0.13 


0.06 


1.85 


0.008 


D.019 


0.028 


0.010 


1.22 


12.0 


140.1 


' 400 


47 


8.3 


70 



[0 0 5 9] HfC, ffi££ 1 E3*Lfc->+;l/tr-«*8 * [0 0 6 1] 

kk- (awaftxnwiftoto) o^^ai-stco K7] 

[0 0 6 0] 

[316] 





HRC60 


i^af has 


0.6 mm 




1 0 Om/s 




2 m i n 



30 







ft ¥ « £ (mass*) 




V„ 


(HV) 


(96) 




(N/mra") 


««« 

(J/ca») 


C 


S i 


Mn 


P 


s 


Al 


N 


Cr 




i 


0.14 


0.12 


1.79 


0.0O7 


0.015 


O.028 


0.010 


1.04 


14.3 


149.8 


392 


28 


6.4 


-437 


66 




2 


0.16 


0.10 


1.80 


0.008 


0.020 


0.028 


0.010 


1.10 


9.2 


105.6 


400 


25 


6.3 


-462 


67 


mm 


3 


0.18 


0.06 


1.72 


0.002 


0.012 


0.022 


0.011 


1.05 


8.1 


101.0 


420 


27 


6.6 


-358 


65 




4 


0.17 


0.06 


1.36 


0.010 


0.015 


0.030 


0.012 


1.35 


8.2 


101.9 


410 


33 


9.0 


-544 


68 




5 


0.13 


0.06 


1.85 


0.008 


0.019 


0.028 


0.010 


1.22 


12.0 


140.1 


400 


31 


8.3 


-476 


72 
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mt) mc-D^xitmt-ZT+j httssn&fit 

$LT*?m, m&mm-mmnmw.^^ io 

[0 0 6 4] HS£#58B,8<D73&£ Ztltf. ±.&<D&M$8. 
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[02] ->*3^-S§gt£9 0 0~3 0 0'CK<W3ft 

[03] m*vmRLiiwmmtmmkn*Bv* 

So 

[0 4] *»T8ffll/fe«iSLfi*fttffi*K«!fro^ 

[0 5 ] URTSffl LfclKJISAn • &R L»(W 
*t0T&3. 

[06] mmmxumctsttm&i&tmLfc 
[0 7 ] u^jSK • mitmkmmmm 

■f0T-&3 o 



[01] 



[02] 
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& 100 
P 70 
S 50 



I 30 
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■ V 



















































2 3 5 Jeq 20 30 
•^b Si-ffitt Com) 



50 



[03] 



R1O±0-05 









to 
o 

d 
2 




[04] 



(12) 



WP9-5 3 1 4 8 



[05] 



900^ 




(CP<fi)0.8# 



(a&&An&a) 



(too-c) 



160T) 



[06] 




1000 10000 

(0) 



100000 



17] 



.900 -C 




2hr 



(CPtt)0.8# 



NH 3 i1vol# 



to* 

(100T3) 



ft* 



(5i)int.ci. s nsijc^ ff mmm fi a«a*HBr 

C22C 38/18 C2 2C 38/18 

38/38 38/38 

38/58 38/58 

mmm mm 02mm a* m 
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